Radical scavenging and singlet oxygen quenching activities of 32 kinds of fruits and vegetables typically consumed in Japan were evaluated using both the oxygen radical absorbance capacity (ORAC) and singlet oxygen absorption capacity (SOAC) methods. Total-ORAC and SOAC values correlated with total polyphenol (r = 0.92) and carotenoid (r = 0.85) contents. From the data of daily fruit and vegetable intake (110.0 and 286.4 g, respectively) in the National Health and Nutrition Survey in Japan, daily ORAC and SOAC intakes were estimated to be 3177.7 μmol trolox equivalents/day and 1610.3 μmol α-tocopherol equivalents/ day, respectively. The major contributors to ORAC intake were apples, Satsuma mandarins, edible burdock, and onions, accounting for 44.3 % of the total; whereas Japanese squash, carrots, tomatoes, and spinach accounted for 73.2 % of total SOAC intake. Total antioxidant capacity assessment of foods may facilitate the identification of relationships between antioxidant intake and disease risk reduction.
Introduction
Epidemiological studies have suggested that the consumption of fruits and vegetables rich in antioxidants is associated with a reduced risk of chronic diseases Wang et al., 2014) . This is thought to be due in large part to the elimination of reactive oxygen species (ROS) by these foods and their components, as excessive ROS generation in human tissues causes oxidative stress, which in turn may represent one of the causes of chronic diseases such as cancer (Valko et al., 2006) , cardiovascular disease (Madamanchi et al., 2005) , metabolic disease (Hotamisligil, 2006) , and neurodegenerative disease (Jenner, 2003) . However, the optimal levels of antioxidant consumption required to maintain good health and/or prevent chronic disease have not yet been established. Accordingly, comprehensive understanding of the total antioxidant capacities of foods is essential to reveal the relationships between antioxidant intake and risk reduction for various diseases.
Peroxyl radicals and singlet oxygen constitute two wellknown representative ROS generated in biological systems. As an evaluation tool, the oxygen radical absorbance capacity (ORAC) assay method (Huang et al., 2002b) can measure not only hydrophilic (H-ORAC) but also lipophilic (L-ORAC) antioxidants (Huang et al., 2002a) , and is therefore widely used to evaluate the radical scavenging activity of many kinds of foods (Wu et al., 2004) . However, a convenient assay method to evaluate the singlet oxygen quenching activity of antioxidants had not been established. Therefore, we developed a singlet oxygen absorption capacity (SOAC) assay method in previous studies (Aizawa et al., 2011; Mukai et al., 2012; Ouchi et al., 2010) . In this method, disappearance of the absorption of 2,5-diphenyl-3,4-benzofuran (DPBF), a UV-vis absorption probe, at 413 nm by singlet oxygen generated by the thermal decomposition of endoperoxide (EP) is measured, and the SOAC value is assessed from the difference in half-life of DPBF decay in the presence and absence of antioxidants. The SOAC assay method can evaluate food samples such as fruits and vegetables (Iwasaki et al., 2015) . Furthermore, a modified method using a microplate reader has been established, enabling SOAC to be applied as a high throughput assay (Takahashi et al., 2016) . This modified SOAC method has been validated in an inter-laboratory test (Wakagi et al., 2017) . Previous studies have reported ORAC values of various foods as their antioxidant capacity; however, the values provide only the radical scavenging activity within the total antioxidant activity. In order to understand the comprehensive antioxidant capacity of foods, it is necessary to measure not only the radical scavenging, but also the singlet oxygen quenching activity. Therefore, measurement using both ORAC and SOAC methods is necessary. Although the activity obtained from in vitro assays may not be simply extrapolated to in vivo activity, knowledge of the appropriate antioxidant capacity of foods would likely contribute to clarifying the relationship between antioxidant intake and risk reduction for various diseases. For example, several epidemiological studies have shown a significant association between ORAC intake and health (Holtan et al., 2012; Kobayashi et al., 2012; Kobayashi et al., 2014; Kobayashi et al., 2017; Rautiainen et al., 2012; Rautiainen et al., 2013; Rautiainen et al., 2014) ; whereas other studies showed no significant association (Mekary et al., 2011; Vece et al., 2015) . This discrepancy may be a consequence of only the association with radical scavenging activity having been investigated. Therefore, in the present study, we evaluated not only H-ORAC and L-ORAC values, but also SOAC values of fruits and vegetables typically consumed in Japan. In addition, we estimated the daily ORAC and SOAC intakes of Japanese individuals from fruits and vegetables. Furthermore, we measured total polyphenol and carotenoid contents to evaluate the correlation with the ORAC and SOAC value, respectively. To our knowledge, this is the first study that simultaneously measured both radical scavenging and singlet oxygen quenching activities of many kinds of fruits and vegetables, and estimated SOAC intakes from foods.
Materials and Methods
Chemicals and apparatus 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), fluorescein (sodium salt) (FL), gallic acid, and Folin-Ciocalteu's phenol reagent were purchased from Sigma-Aldrich (St. Louis, MO, USA). 2,2′-Azobis (2-amidinopropane) dihydrochloride (AAPH), sodium carbonate, 4-methyl-1,4-etheno-2,3-benzodioxin-1(4H)-propanoic acid (endoperoxide, EP), dimethyl sulfoxide (DMSO), α-tocopherol (α-Toc), pyrogallol, triethylamine (TEA), and butylhydroxyltoluene (BHT) were purchased from Wako Pure Chemical Industries (Osaka, Japan). Methyl-β-cyclodextrin (MCD) was obtained from Junsei Chemical (Tokyo, Japan). 2,5-Diphenyl-3,4-benzofuran (DPBF) was obtained from Tokyo Chemical Industry (Tokyo, Japan).
Extractions of samples were performed on an ASE-200 accelerated solvent extractor (Dionex, Sunnyvale, CA, USA).
ORAC, SOAC, and total polyphenol analyses were carried out using an SH-9000Lab microplate reader (Corona Electric, Ibaraki, Japan). Carotenoid content was analyzed with a S h i m a d z u P r o m i n e n c e h i g h p e r f o r m a n c e l i q u i d chromatography (HPLC) system consisting of a CBM-20A system controller, an SPD-M20A photodiode array detector, an SIL-20ACHT auto sampler, a CTO-20AC column oven, LC-20AC pumps, and a DGU-20A5 degasser (Shimadzu, Kyoto, Japan). An eVol-XR digital analytical syringe (SGE Analytical Science, Melbourne, Australia) was used for sample addition to the well.
Sampling and sample preparation All fruit and vegetable samples of three or more different crops were purchased from retail stores in Nasushiobara city, Japan in 2015-2018 (Table  1) . For each sample, the edible portion was freeze-dried and stored at −30 ℃. Moisture content was calculated from fresh weight and dry weight, and all values were converted and expressed on a fresh weight basis.
The procedures of sample preparation for ORAC analysis were based on a previous study (Watanabe et al., 2014) with some modifications. A freeze-dried sample (0.3 to 2.0 g) was mixed with approximately 5 g of sea sand (Wako). The mixture was transferred to an 11-mL extraction cell and initially extracted with hexane/dichloromethane (1:1, v/v; Hex/Dc) at 70 ℃, followed by methanol/water/acetic acid (90:9.5:0.5, v/v/ v; MWA) at 80 ℃ using an ASE-200 accelerated solvent extractor. Hex/Dc extracts were dried under nitrogen gas flow in a 30 ℃ water bath, and the residue was reconstituted in 5 mL DMSO and diluted 10-fold with dilution buffer (7 % MCD (w/ v) in a 50 % acetone-water mixture (v/v)). This solution was used to measure the L-ORAC value following dilution as necessary. MWA extracts were transferred to a 25-mL brown volumetric flask and diluted with MWA to a total volume of 25 mL. This solution was used to measure the H-ORAC value after appropriate dilution.
The procedures of sample preparation for the SOAC analysis were performed according to previous studies (Aizawa et al., 2011; Iwasaki et al., 2015) . A freeze-dried sample (0.3 to 2.0 g) was mixed with approximately 5 g of sea sand. The mixture was transferred to an 11-mL extraction cell, and extracted with ethanol/chloroform/D 2 O (50:50:1, v/v/v; ECD) at 70 ℃ using an ASE-200 accelerated solvent extractor. ECD extracts were adjusted to 25 mL with ECD in a 25-mL brown volumetric flask. This solution was used to measure the SOAC value after dilution as necessary.
H-ORAC and L-ORAC assay H-ORAC and L-ORAC values were obtained following 2-step measurement according to previous studies Watanabe et al., 2016) . The first-step measurement was performed to calibrate approximate H-ORAC and L-ORAC values for each test sample, and the second-step measurement was performed to measure the net area under the curve (AUC) at two optimal dilution ratios settled by the value in the first-step were added to the wells of the 96-well microplate in duplicate using a digital analytical syringe. Then, FL solution (115 μL) and AAPH solution (50 μL) were added to all wells, and a sealing film for real-time polymerase chain reaction amplification was placed on the plate. The fluorescence intensity (excitation at 485 nm and emission at 528 nm) was monitored every 2 min for 120 min at 37 ℃ with a microplate reader. The net AUC was calculated by subtracting the AUC for the blank from that for the sample or standard. The H-ORAC and L-ORAC values for each sample were calculated on the basis of the standard curve for trolox. These values are expressed as micromoles of trolox equivalents (TE) per gram fresh weight of the edible portion (μmol TE/g FW).
SOAC assay The SOAC assay was carried out using the method of our previous study (Takahashi et al., 2016) . α-Toc calibration solution (1.50 mM), DPBF solution (0.19 mM), and EP solution (1.2 mM) were prepared with ECD. ECD-extracted samples were measured for absorbance at 413 nm using a UV-1800 UV-Vis spectrophotometer (Shimadzu) and diluted with ECD as necessary; these were used as stock solutions. Stock solutions were further diluted to 2/10, 3/10, and 6/10 with ECD. α-Toc calibration solution or four concentration samples (300 μL) were transferred to the wells of a 24-well glass microplate FU-24 (NGS Precision, Tokyo, Japan) or a 24-well microplate made of polytetrafluoroethylene (PTFE; iTEC SCIENCE, Ibaraki, Japan) using a digital analytical syringe. Then, DPBF solution and EP solution (300 μL each) were added to all wells except for the baseline wells, which were used to correct the absorbance. The final volume of each well was adjusted to 900 μL with ECD. Immediately after completion of these additions, the 24-well microplate was tightly sealed with a quartz glass cover and transferred to the microplate reader, which had been pre-incubated to 35 ℃. Absorbance at 413 nm was measured every 30 s for 120 min at 35 ℃. According to previous reports (Takahashi et al., 2016) , the absorbance in the time range 40 < t < 70 min was used for analysis. The SOAC value was calculated from each half-life (t 1/2 ) of four concentration samples, and these values were averaged. If the difference between the t 1/2 values of the sample and the blank was smaller than 5 min, this value was excluded from the average SOAC value. When all four concentration samples did not satisfy this condition, the SOAC value was defined as not detected (nd). The SOAC value is expressed as micromoles of α-Toc equivalents per gram fresh weight of the edible portion (μmol α-TE /g FW).
Carotenoid quantification The carotenoid analysis was performed by reverse phase HPLC according to a previously reported method (Aizawa and Inakuma, 2007) with some modifications. Freeze-dried sample (0.1 to 0.3 g) and pyrogallol (1.0 g) were added to a 50-mL brown volumetric flask. After the addition of 3 mL distilled water, the mixture was mixed well. Hexane/ethanol/acetone/toluene (10:7:6:7, v/v/v/v; HEAT, 20 mL) was added to a volumetric flask and then sonicated for 10 min in a bath sonicator. The extract was adjusted to 50 mL with ethanol. The extract (10 mL) was mixed with HEAT (20 mL), pyrogallol (0.2 g), 40 % (w/v) methanolic KOH (2 mL), and saponified for 20 min at 56 ℃. After the addition of 3 % (w/v) NaCl solution (10 mL), the pigment was extracted with HEAT several times and evaporated to dryness. Subsequently, the residue was dissolved in 10 mL HEAT/ ethanol (40:60, v/v) and filtered through a 0.45-μm PTFE filter. An aliquot of 5 to 10 μL was injected into the HPLC. A YMC Carotenoid C30 column (S-5 μm, 250 × 2.0 mm I.D.; YMC, Kyoto, Japan) with a C30 cartridge pre-column (S-5 μm, 10 × 2.1 mm I.D.; YMC, Kyoto, Japan) was used, and the column temperature was set at 30 ℃. The composition of solvents was as follows: A = methanol/methyl tert-butyl ether/water (75:5:20) with 0.5 % TEA and 0.01 % BHT; B = methanol/ methyl tert-butyl ether/water (8:90:2) with 0.5 % TEA and 0.01 % BHT. The gradient procedure at a flow rate of 0.2 mL/ min was as follows: a linear gradient from 0 % to 100 % B for 25 min, a hold at 100 % B for 3 min, a linear gradient back to 0 % B for 2 min, and a hold at 0 % B for 10 min. UV/Vis spectra were recorded in the range from 250 to 550 nm and a chromatogram was acquired at 460 nm. Using this method,
9-Z)-lycopene, and (13-Z)-lycopene were adequately separated. These carotenoids were quantified at 460 nm using a calibration curve for each carotenoid except for (Z)-lycopene isomers, which were quantified using the calibration curve of (all-E)-lycopene. Each carotenoid concentration was expressed as milligrams per 100 gram fresh weight of the edible portion (mg/100 g FW).
Total polyphenol analysis The total polyphenol analysis was based on the Folin-Ciocalteu method (Ainsworth and Gillespie, 2007) . For total polyphenol analysis, a freeze-dried sample (0.25 g) and 80 % methanol (8 mL) were added to a glass test tube, and the mixture was incubated in a water bath at 80 ℃ for 10 min. After the sample was cooled to room temperature, the sample was centrifuged at 1000 × g for 20 min. The supernatant was transferred to a 10-mL brown volumetric flask and adjusted to 10 mL with 80 % methanol. The extract was diluted 5-fold with 80 % methanol. Diluted extract or gallic acid calibration solutions (100 μL) were transferred to separate plastic tubes, and 1/10 diluted FolinCiocalteu reagent (200 μL) was added to each tube. After 5-min incubation at room temperature, 7 % sodium carbonate solution (800 μL) was added and incubated in a water bath at 25 ℃ for 2 h. Then, 200 μL of supernatant after centrifugation at 1000 × g for 10 min was added to the 96-well microplate and the absorbance at 750 nm was measured at 25 ℃ using a microplate reader. The total polyphenol concentration was calculated from the standard curve for gallic acid ranging from 12.5 to 400 μM. Total polyphenol content was expressed as milligrams of gallic acid equivalents (GAE) per gram fresh weight of the edible portion (mg GAE/g FW).
Estimation of daily ORAC and SOAC intake from fruits and vegetables The 13 fruits and 19 vegetables surveyed in the annual report on the Family Income and Expenditure Survey in Japan were used for the daily ORAC and SOAC intake estimation. According to the method of Takebayashi et al. (2013) , the percentage of intake for each fruit and vegetable was calculated as follows: 
where P (%) is the percentage of intake for corresponding fruits and vegetables; Σ P is the sum of the percentage of intake of fruits or vegetables (in case of fruits, Σ P is the sum of fruits; in case of vegetables, Σ P is the sum of vegetables), and D (g) is the 5-year average of daily intake of fruits or vegetables for adults (≥20 years old) reported in the National Health and Nutrition Survey in Japan 2012-2016. Thereafter, daily ORAC and SOAC intakes from fruits and vegetables were estimated from Total-ORAC values and SOAC values, and the above daily intake of each fruit and vegetable.
Statistics All analyses were evaluated in three or more independent samples. H-ORAC, L-ORAC, SOAC, and total polyphenol analyses were performed in triplicate and average values were adopted. The data were expressed as mean ± standard deviation of independent samples. Correlations were tested by Pearson's product-moment correlation analysis using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). Table 2 Total polyphenol contents ranged from 0.09 (carrot and lettuce) to 2.40 (edible burdock) mg GAE/g FW. The relationships between H-ORAC, L-ORAC, or Total-ORAC value and total polyphenol content are presented in Fig. 1A -C. Total-ORAC or H-ORAC value significantly and strongly correlated with total polyphenol content (r = 0.92 and 0.922, respectively); however, a significant correlation between L-ORAC value and total polyphenol content was not observed (r = 0.114).
Results

H-ORAC, L-ORAC, and Total-ORAC values and total polyphenol contents
SOAC values and carotenoid contents SOAC values and carotenoid contents of 32 fruits and vegetables are presented in Table 3 . SOAC values were obtained in 25 of the 32 samples. The range of SOAC values was from 0.18 (bamboo shoots) to 47.43 (Japanese squash) μmol α-TE/g FW among the detectable 25 samples. The SOAC value of Japanese squash was more than double that of carrot (19.50 μmol α-TE/g FW), which was the second highest. The highest total carotenoid levels were found in spinach (9.51 mg/100 g FW), carrot (9.42 mg/100 g FW), and Japanese squash (8.90 mg/100 g FW).
In regards to individual carotenoids, capsanthin was not detected among these samples. Lycopene was detected in only 4 samples: pink grapefruit (2.35 mg/100 g FW), Japanese persimmons (0.07 mg/100 g FW), watermelon (3.49 mg/100 g FW), and tomatoes (2.75 mg/100 g FW). β-Cryptoxanthin was detected in 11 samples, with the highest level detected in Satsuma mandarins (1.28 mg/100 g FW). Lutein, zeaxanthin, α-carotene, and β-carotene were detected in 26, 16, 11, and 27 samples, respectively. No carotenoids were detected in 4 samples (East Indian lotus root, Japanese radish, onions, and pears), and SOAC values were also not obtained from these. The relationship between SOAC value and carotenoid content was evaluated in the 25 samples from which both SOAC values and carotenoids were detected (Fig. 1D) . SOAC values were significantly and strongly correlated with carotenoid contents (r = 0.85). Table 4 presents an estimation of daily ORAC and SOAC intakes from fruits and vegetables in Japan. Daily ORAC and SOAC intakes were estimated using the average daily fruit and vegetable intakes for adults (≥20 years old) in the National Health and Nutrition Survey in Japan 2012-2016, which were 110.0 and 286.4 g, respectively. For fruits, the estimated ORAC intake was 1214.9 μmol TE/day, and the SOAC intake was 228.8 μmol α-TE/day. The estimated ORAC and SOAC intakes from vegetables were 1962.8 μmol TE/day and 1381.5 μmol α-TE/day, respectively. Total-ORAC and SOAC intakes from fruits and vegetables were estimated e Bamboo shoots, canned in water, were used for the measurement.
Daily ORAC and SOAC intakes of Japanese individuals from fruits and vegetables
to be 3177.7 μmol TE/day and 1610.3 μmol α-TE/day, respectively.
Discussion
A large number of studies have indicated that the consumption of whole fruits and vegetables, rather than of certain individual components contained therein, is more effective to maintain overall health and prevent chronic diseases. Fruits and vegetables contain various antioxidants that have different effects on various ROS; therefore, evaluation of the scavenging activity of foods against several types of ROS is thought to be important. Peroxyl radicals and singlet oxygen are considered as representative ROS among various kinds of ROS generated in biological systems. To evaluate the radical scavenging activity of foods, H-ORAC and L-ORAC methods were developed (Huang et al., 2002a; Huang et al., 2002b) , and modified H-ORAC and L-ORAC methods have been validated Watanabe et al., 2016) . Recently, we developed a SOAC method to evaluate the singlet oxygen quenching activity of antioxidants and foods (Aizawa et al., 2011; Iwasaki et al., 2015; Mukai et al., 2012; Ouchi et al., 2010; Takahashi et al., 2016) . Furthermore, Wakagi et al. (2016) reported the validation of a SOAC method using a microplate reader. In the present study, we therefore measured not only H-ORAC and L-ORAC values, but also SOAC values of 32 kinds of fruits and vegetables commonly consumed in Japan using these validated methods.
The H-ORAC, L-ORAC values, and total polyphenol content for many kinds of foods have been determined in previous studies (Mikami-Konishide et al., 2013; Takebayashi et al., 2013; Wu et al., 2004 ). In the current study, we found that edible burdock, East Indian lotus root, strawberries, and spinach showed the highest Total-ORAC value as calculated from individual H-ORAC and L-ORAC measurements, which was consistent with previous findings (Takebayashi et al., 2013) . In particular, it has been reported that edible burdock has a relatively high ORAC value among vegetables (Mikami- Konishide et al., 2013) and contained caffeoylquinic acid derivatives such as chlorogenic acid and dicaffeoylquinic acid, which have antioxidant activity (Maruta et al., 1995) . However, the H-ORAC and L-ORAC values obtained in this study are generally slightly lower than the values reported previously (Mikami-Konishide et al., 2013; Takebayashi et al., 2013; Wu et al., 2004) , which may be attributable to the specific cultivar, climate, and growing conditions (Mikami-Konishide et al., 2013) .
Polyphenols are known as the main contributors to the radical scavenging effect; therefore, we examined the correlations between H-ORAC, L-ORAC, or Total-ORAC values with total polyphenol contents. We found that the H-ORAC value had the highest correlation with total polyphenol content, followed by Total-ORAC and L-ORAC values, which confirmed the previously identified positive correlation between H-ORAC value and total polyphenol content (Isabelle et al., 2010a; Isabelle et al., 2010b; MikamiKonishide et al., 2013; Takebayashi et al., 2013) . However, the correlation between L-ORAC value and total polyphenol content was not significant, which may be due to the marked differences between the extraction solvent composition of the L-ORAC method and that of the total polyphenol analysis. The SOAC assay method was used to evaluate the singlet oxygen quenching activity of fruits and vegetables. As the SOAC method was recently developed and validated, few reports are yet available regarding the SOAC values of various foods. Aizawa et al. (2011) and Iwasaki et al. (2015) reported the SOAC values of 3 vegetables and 23 fruits and vegetables, respectively, which suggested that brightly colored vegetables such as spinach, red paprika, and tomatoes had high SOAC values. Also in the present study, the highest SOAC values were observed in brightly colored vegetables such as Japanese squash, carrot, and spinach. Furthermore, it has been reported that carotenoids have high singlet oxygen quenching activity among natural compounds (Aizawa et al., 2011; Di Mascio et al., 1989; Mukai et al., 2012) , and that chlorophyll also has relatively high quenching activity against singlet oxygen (Tanielian and Wolff, 1988) . Red, orange, and deep green vegetables contain high level of carotenoids and/or chlorophyll; therefore, carotenoids and chlorophyll may represent major contributors of singlet oxygen quenching in these vegetables. As supporting evidence, a positive correlation was confirmed between SOAC values and total carotenoid content.
However, Japanese squash showed relatively higher SOAC values than were expected by their measured carotenoid contents. Cucurbita, which includes Japanese squash, contains violaxanthin and neoxanthin (Azevedo-Meleiro and RodriguezAmaya 2007; Isabelle et al., 2010b) , which were not quantified in this study. Thus, carotenoids not measured in the current study are considered to be the reason for the high SOAC values obtained in Japanese squash. Similar results have been observed in previous reports; red sweet peppers, containing not only the 7 carotenoids measured, but also other carotenoids such as cucurbitaxanthin A and capsorubin (Deli et al., 2001) , showed higher singlet oxygen quenching activity than calculated from the 7 carotenoid contents (Aizawa et al. 2011) . These results suggest that the content measurement of only the 7 carotenoids is insufficient to fully comprehend the actual singlet oxygen quenching activity of foods. However, it is difficult in practice to measure the content of all substances contributing to singlet oxygen quenching; therefore, we suggest that the SOAC method remains useful for evaluation of the relative singlet oxygen quenching activity of food.
Because fruits and vegetables comprise the major sources of antioxidants in our daily diet, the estimated daily intakes of ORAC and SOAC of Japanese individuals from fruits and vegetables were calculated. For this calculation, 13 fruits and 19 vegetables in which purchase weight was surveyed in the annual report on the Family Income and Expenditure Survey in Japan were used. These 32 fruits and vegetables accounted for 76.8 % of the total fruits and vegetables on a weight basis (Table 4) . Within the total ORAC intake from fruits and vegetables, the contribution ratios of fruits and vegetables were 38.2 % and 61.8 %, respectively, such that the contribution of vegetables was larger than that of fruits. In individual samples, apples, Satsuma mandarins, and edible burdock had a high contribution toward ORAC intake. It is reported that apples and Satsuma mandarins were the highest contributors among fruits for the Japanese, and that edible burdock represented a characteristic food for H-ORAC intake from vegetables (Takebayashi et al., 2013) . In addition, apples and oranges were also reported to contribute highly to H-ORAC intakes from fruits and vegetables in the United States (Wu et al., 2004) and Singapore (Isabelle et al., 2010a; Isabelle et al., 2010b) . Takebayashi et al. (2013) demonstrated that the H-ORAC intake from fruits, vegetables, potatoes, pulses, and mushrooms of Japanese was 4423 μmol TE/day. In the present study, the H-ORAC intake obtained from fruits and vegetables except for potatoes, pulses, and mushrooms was 2947.3 μmol TE/day (Table 4) . Potatoes, pulses, and mushrooms were excluded from the calculation of the ORAC intake of fruits and vegetables because these were not included in the daily intake of vegetables on the National Health and Nutrition Survey in Japan. These results indicate that potatoes, pulses, and mushrooms might have a relatively high contribution to the H-ORAC intake of Japanese individuals; it was shown that the contribution ratio of potatoes, sweet potato, taro, and shiitake mushroom account for 12.5 % of that of fruits, vegetables, potatoes, pulses, and mushrooms (Takebayashi et al., 2013) . Furthermore, Wu et al. (2004) and Rautiainen et al. (2008) reported total ORAC (H-ORAC + L-ORAC) intakes in the United States and Sweden of 5724 and 6523 μmol TE/day, respectively, which were higher values than those obtained in the present study. In the former report, dried beans and peas (1602.6 μmol TE/day), orange juice (454 μmol TE/day), apple juice (79 μmol TE/day), and lemon juice (25 μmol TE/day) were included in the candidates for ORAC intake estimation (Wu et al., 2004) . In comparison, in the latter report, fruits and vegetables accounted for only 56.5 % of Total-ORAC intake, and the remainder was accounted for by other foods such as grain products (19.7 %), tea (9.5 %), chocolate (4.9 %), juice (3.9 %), and wine (2.5 %) (Rautiainen et al., 2008) . Conversely, the ORAC intakes presented in the present study were calculated from only 13 fruits and 19 vegetables because the intake of other fruits and vegetables was not available from the National Health and Nutrition Survey in Japan. In order to reveal the exact daily ORAC intake, further studies that survey the intake quantity of each food and determine the representative ORAC value through the evaluation of samples obtained from different cultivars, climates, and growing conditions are necessary.
Regarding SOAC, this is the first report to estimate the SOAC intakes from fruits and vegetables. Unlike ORAC intakes, most SOAC intakes were obtained from vegetables, with the respective contribution ratios of fruits and vegetables in the total SOAC intake being 14.2 % and 85.8 %. In all samples, Japanese squash, carrots, tomatoes and spinach mainly contributed to SOAC intake, together accounting for 73.2 % of total SOAC intake. In fruit samples, Satsuma mandarins contributed the most, although this comprised only 6.2 % of the total SOAC intake. Notably, the correlation between SOAC value and carotenoids content suggests that brightly colored vegetables with high carotenoid content are likely important with respect to SOAC intake. However, no reports are currently available regarding the SOAC values of various foods other than fruits and vegetables. For example, nuts such as almonds are considered to have high SOAC values owing to the richness of vitamin E (tocopherols), which has relatively high singlet oxygen quenching activity. To understand the contribution of each food toward SOAC intake, a more comprehensive SOAC database that includes SOAC data of various foods is required.
In the present study, we revealed not only the ORAC values but also the SOAC values of 32 fruits and vegetables typically consumed in Japan from the same samples. In addition, we estimated the daily ORAC and SOAC intakes of Japanese individuals from fruits and vegetables by using the obtained ORAC and SOAC values combined with the results of a public survey of fruits and vegetables intake in Japan. The results showed that various kinds of fruits and vegetables contribute to ORAC intake, whereas specific fruits and vegetables, i.e., brightly colored fruits and vegetables, contribute to SOAC intake. This is the first report to estimate total antioxidant capacity intake by focusing on the scavenging activity of two representative ROS, peroxyl radicals and singlet oxygen; however, the daily ORAC and SOAC intakes presented here are limited because they were calculated from limited samples. The data of total antioxidant activity of foods, including not only radical scavenging but also singlet oxygen quenching activities, should constitute important basic data for clarifying the significance of antioxidant intake for overall health. We consider that the combination of oral intake of antioxidant activity and various bio-markers in epidemiological studies will be conducive toward clarifying the relationship between total antioxidant intake and health.
